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December 17, 2001 



Hon. Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 



Sir: 

Preliminarily to the issuance of an Office Action in the above 
identified application, please amend the same as follows: 



\ hereby certify that this correspondence is being 
deposited with the United States Postal Service 
as first class mail in an envelope addressed to: 
Assistant Commissioner for Patents, 



In the specification 



Please amend the specification as attached: 



In the claims: 



Cancel all claims without prejudice. 



Add the following claims as attached: 



REMARKS 



This Amendment is submitted preliminary to the issuance of an 
Office Action in the above identified application. 

With the present Amendment applicant has amended the 
specification to bring it in compliance with the requirements of the U.S. 
Patent Practice. 

The original claims have been canceled and replaced with a 
new set of claims including claims 17, the broadest method claim as well as 
claims related to the new transmitter, receiver, communication system and 
broadcasting communication system. 

The claims have been drafted also in accordance with the 
requirements of the U.S. Patent Practice and to more clearly define the 
present invention. 

Consideration and allowance of present application is most 
respectfully requested. 



Should the Examiner require or consider it advisable that the 
specification, claims and/or drawings be further amended or corrected in 
formal respects in order to place this case in condition for final allowance, 
then it is respectfully requested that such amendments or corrections be 
carried out by Examiner's Amendment, and the case be passed to issue. 
Any costs involved should be charged to the deposit account of the 
undersigned (No. 19-4675). Alternatively, should the Examiner feel that a 
personal discussion might be helpful in advancing this case to allowance, he 
is invited to telephone the undersigned (at 631-549-4700). 

Respectfully submitted, 
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In the specification: 

Page 1, line 1, change the heading "Prior Art" to - 
BACKGROUND OF THE INVENTION -. 

Page 3, line 1, change the heading "Advantages of the 
Invention" to - SUMMARY OF THE INVENTION -. 

Amend paragraph 1 on page 3 as follows: 

With the provisions according to [claim 1] the invention . the 
precision of synchronization can be improved considerably over known 
methods. While the known methods can actually be used only for coarse 
block synchronization, the method according to the invention offers quite 
precise results both in terms of fine block estimation and frequency 
estimation. The embodiment according to the invention is advantageously 
suitable as a transmission method for OFDM. If a coherent demodulation is 
provided, then the synchronization train can be used for block 
synchronization, and estimating the center frequency error can also be used 
to estimate the channel pulse response. 



Page 4, line 7, change the heading "DRAWINGS" to - BRIEF 
DESCRIPTION OF THE DRAWINGS -. 

Page 4, line 22, change the heading "DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS" to - DESCRIPTION OF THE PREFERRED 
EMBODIMENTS -. 



Amended paragraph 1 on page 3: 

With the provisions according to the invention, the 
precision of synchronization can be improved considerably over known 
methods. While the known methods can actually be used only for coarse 
block synchronization, the method according to the invention offers quite 
precise results both in terms of fine block estimation and frequency 
estimation. The embodiment according to the invention is advantageously 
suitable as a transmission method for OFDM. If a coherent demodulation is 
provided, then the synchronization train can be used for block 
synchronization, and estimating the center frequency error can also be used 
to estimate the channel pulse response. 
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CLAIMS 



1 7. A method of synchronizing at least one or more receivers 
to a transmitter within a transmission system with the use of a data stream 
with guard intervals, comprising the steps of inserting with the transmitter a 
special synchronization train into the data stream at a beginning of a 
transmission, which train is capable of estimating a chronological position of 
a signal to be received and/or estimating a center frequency error between 
the transmitter and the receiver; forming the synchronization train of at least 
two different symbol sequences which are transmitted in alternation 
periodically; ascertaining the chronological position of the signal and/or the 
center frequency error between the transmitter and the receiver from a 
composite term of various symbol sequences within a predetermined 
interval; for a block synchronization using total metrics of at least two 
different symbol sequences used as the synchronization train; and selecting 
as a beginning of a block, whichever index minimizes the total metrics within 
the predetermined interval. 

18. A method as defined in claim 17; and further comprising 
providing in an OFDM transmission symbol the symbol sequences 



comprising OFDM symbols, which have same lengths as or different lengths 
from a conventional data symbol. 

19. A method as defined in claim 17; and further comprising 
transmitting the symbol sequences at least in pairs in each case in 
alternation. 

20. A method as defined in claim 17, wherein when there are 
more than two different symbol sequences, further comprising putting at least 
one symbol sequence as a pair together with a spacing from at least one 
further pair of another symbol sequence to form the synchronization train. 

21 . A method as defined in claim 20; and further comprising 
providing guard intervals in front of the individual pairs of symbol sequences. 

22. A method as defined in claim 17; and further comprising, 
for a block synchronization, using total metrics of at least two different 
symbol frequencies used as the synchronization train, and as a beginning of 
a block selecting whichever index minimizes the total metrics within the 
predetermined interval. 
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23. A method as defined in claim 17; and further comprising 
determining the predetermined interval by a frame structure of the data 
stream. 

24. A method as defined in claim 17; and further comprising 
for estimating the center frequency error, ascertaining a phase rotation of two 
adjacent identical signal segments at a time. 

25. A method as defined in claim 24; and further comprising 
ascertaining phase rotations of other identical signal portions, and estimating 
a total center frequency error by averaging via the phase rotations thus 
obtained. 

26. A method as defined in claim 17; and further comprising 
utilizing the symbol sequences for channel estimation for a coherent 
demodulation, in that the symbol sequence after a frequency correction has 
been performed is subjected in the receiver to a fast Fourier transformation, 
and determining amplitudes and phase weights of individual subcarriers. 

27. A method as defined in claim 26; and further comprising 
estimating channel parameters by averaging various symbol sequences. 
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28. A method as defined in claim 17; and further comprising 
preceding the synchronization train by a preamble which is used to adjust an 
amplitude control of the receiver. 

29. A transmitter for preparing a synchronization train for at 
least one receiver within a transmission system with use of a data stream 
with guard intervals for compensating for multi-path propagation, the 
transmitter comprising a first device selected from the group consisting of a 
coding device and a modulating device; and insertion device for a 
synchronization train, which is formed of at least two different symbol 
sequences, said insertion device being embodied such that an alternating, 
periodic insertion of the synchronization train into the data stream prepared 
by said fist device can be performed; and a memory device operatively 
connected to said insertion device for various symbol sequences and for 
their linkage. 

30. A receiver for receiving and evaluating a synchronization 
train which can be transmitted by a transmitter within a transmission system 
with use of a data stream with guard intervals to compensate for multi-path 
propagation, the receiver comprising a sampling memory for a received data 
stream; a synchronization evaluation device which is operatively connected 



to said sampling memory and is suitable for evaluating a synchronization 
train including at least two different symbol sequences that can be 
transmitted periodically in alternation with respect to a chronological position 
and/or a center frequency error within a predetermined interval, and for 
controlling corresponding reception units for block synchronization, frequency 
synchronization and/or channel estimation. 

31 . A communication system using the method of claim 1 7 and 
embodied as a radio communication system, a line-connected 
communication system, or a hybrid communication system with radio 
components, optical waveguide components and/or line-connected 
components, said communication system including one transmitter and one 
receiver assigned to subscribers, with variable transmission and reception 
modes. 

32. A communication system using the transmitter of claim 29 
or the receiver of claim 30 and embodied as a radio communication system, 
a line-connected communication system, ora hybrid communication system 
with radio components, optical waveguide components and/or line-connected 
components, said communication system including one transmitter and one 
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receiver assigned to subscribers, with variable transmission and reception 
modes. 

33. A broadcasting communication system using the method 
of claim 17 and embodied as a radio communication system, a line- 
connected communication system, or a hybrid communication system with 
radio components, optical waveguide components and/or line-connected 
components, said broadcast communication system being formed so that an 
association of a transmission and a reception mode is finally specified. 

34. A broadcasting communication system using the 
transmitter of claim 29 or the receiver of claim 30 and embodied as a radio 
communication system, a line-connected communication system, or a hybrid 
communication system with radio components, optical waveguide 
components and/or line-connected components, said broadcast 
communication system being formed so that an association of a transmission 
and a reception mode is finally specified. 
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SIMULTANEOUS AMENDMENT 
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Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

SIRS: 

Simultaneously with filing of the above identified application 
please amend the same as follows: 

In the Claims: 

Cancel all claims without prejudice. 
Substitute the claims attached hereto. 

REMARKS: 

This Amendment is submitted simultaneously with filing of the above identified 
application. 

With the present Amendment applicant has amended the claims so as to eliminate 
their multiple dependency. 

Consideration and allowance of the present application is most respectfully 
requested. 



Respectfully submitted, 

s^^^/s 

Michael J: Striker 
Attorney for Applicant(s) 
Reg. No. 27233 



Claims 



1. A method for synchronizing one or more receivers to a 
5 transmitter within a transmission system, using a data stream 
with guard intervals, in particular for compensating for multi- 
path propagation, having the following provisions: 

- the transmitter (S) inserts a special synchronization 
10 train into the data stream, especially at the beginning of the 
transmission, which train is capable of estimating the 
chronological position of the signal to be received and/or 
n estimating the center frequency error between the transmitter (S) 
«f and the receiver (E) ; 

5 

^ - the synchronization train is formed of at least two 

O different symbol sequences (A, B) , which are transmitted in 

s alternation periodically; 

21 - the chronological position of the signal to be received, 

S and/or the center frequency error between the transmitter (S) and 

W the receiver (E) , is ascertained from a composite term of the 

various symbol sequences (A, B) within a predetermined interval. 

25 2. The method of claim 1, characterized in that in an OFDM 

transmission system, the symbol sequences (A, B) comprise OFDM 
symbols, which have the same lengths as or different lengths from 
a conventional data symbol. 



30 



3. The method of claim 1 [or 2], characterized in that the 
symbol sequences (A, B) are transmitted at last in pairs in each 
case in alternation. 



4. The method of claim 1 [or 2], characterized in that 
when there are more than two different symbol sequences, at least 
one symbol sequence as a pair is put together with a spacing from 
at least one further pair of another symbol sequence to form the 

5 synchronization train. 

5. The method of claim 3 [or 4], characterized in that 
guard intervals in front of the individual pairs of symbol 
sequences (AA 7 BB, AA, ...) are provided. 

10 

6. The method of [one of claims 1-5] claim 1, 
characterized in that for a block synchronization, the total 

n metrics of the at least two different symbol sequences used as 
-O the synchronization train are used, and as the beginning of a 
S block, whichever index minimizes the total metrics within the 
predetermined interval is selected. 

7. The method of [one of claims 1-6] claim 1 , 

p characterized in that the predetermined interval is determined by 
If the frame structure of the data stream. 

ft! 8. The method of [one of claims 1-7] claim 1 , 

characterized in that for estimating the center frequency error, 
the phase rotation of two adjacent identical signal segments at a 

25 time is ascertained. 

9. The method of claim 8, characterized in that the phase 
rotations of other identical signal portions are also 
ascertained, and the total center frequency error is estimated by 
30 averaging via the phase rotations thus obtained. 



10. The method of [one of claims 1-9] claim 1 , 



characterized in that the symbol sequences are utilized for 
channel estimation for a coherent demodulation, in that the 
symbol sequence after a frequency correction has been performed 
is subjected in the receiver to an FFT transformation (Fast 
Fourier Transformation) , and the amplitudes and phase weights of 
the individual subcarriers are determined. 

11. The method of claim 10, characterized in that the 
channel parameters are estimated by averaging via the various 
symbol sequences (A, B) . 

12. The method of [one of claims 1-11] claim 1 , 
characterized in that the synchronization train is preceded by a 
preamble (P) , which is used in particular to adjust the amplitude 
control (GC) of the receiver (E) . 

13. A transmitter (S) for preparing a synchronization 
train for at least one receiver (E) within a transmission system, 
using a data stream with guard intervals, in particular for 
compensating for mult i -path propagation, having the following 
characteristics : 

- a coding or modulating device (CM) , 

- an insertion device (EB) for a synchronization train, 
which is formed of at least two different symbol sequences (A, 
B) , the insertion device (EB) being embodied such that an 
alternating, periodic insertion of the synchronization train into 
the data stream prepared by the coding and modulating device (CM) 
can be performed; 



- a memory device (SP) , operatively connected to the 



insertion device (EB) , for the various symbol sequences and for 
their linkage. 

14. A receiver (E) for receiving and evaluating a 
5 synchronization train which can be transmitted by a transmitter 
(S) within a transmission system, using a data stream with guard 
intervals, in particular to compensate for multi-path 
propagation, having the following characteristics: 

10 - a sampling memory (AS) for a received data stream; 

- a synchronization evaluation device (SY) , which is 
operatively connected to the sampling memory (AS) and is suitable 
J for evaluating a synchronization train, comprising at least two 
g different symbol sequences (A, B) that can be transmitted 
^ periodically in alternation, with respect to the chronological 
E position and/or center frequency error within a predetermined 
m interval, and for controlling corresponding reception units for 
£3 block synchronization (BS) , frequency synchronization (FS) , 
§| and/or channel estimation (KS) . 

m 15. A communications system using the method of [one of 

claim 1-12] claim 1 or an arrangement of claim 13 [or 14] , which 
is embodied as a radio communications system, a line-connected 

25 communications system, or a hybrid communications system, that 
is, as a communications system with radio components, optical 
waveguide components and/or line -connected components, and in 
which one transmitter and one receiver are assigned to 
subscribers, with variable transmission and reception modes. 

30 

16 . A broadcasting communications system using the method 
of [one of claim 1-12] claim 1 or an arrangement of claim 13 [or 



14] , which is embodied as a radio communications system, a line- 
connected communications system, or a hybrid communications 
system, that is, as a communications system with radio 
components, optical waveguide components and/or line -connected 
components, and in which the association of the transmission and 
reception mode is fixedly specified. 



Claims 



1. A method for synchronizing one or more receivers to a 
transmitter within a transmission system, using a data stream 
with guard intervals, in particular for compensating for multi- 
path propagation, having the following provisions: 

- the transmitter (S) inserts a special synchronization 
train into the data stream, especially at the beginning of the 
transmission, which train is capable of estimating the 
chronological position of the signal to be received and/or 
estimating the center frequency error between the transmitter (S) 
and the receiver (E) ; 

- the synchronization train is formed of at least two 
different symbol sequences (A, B) , which are transmitted in 
alternation periodically; 

- the chronological position of the signal to be received, 
and/or the center frequency error between the transmitter (S) and 
the receiver (E) , is ascertained from a composite term of the 
various symbol sequences (A, B) within a predetermined interval. 

2. The method of claim 1, characterized in that in an OFDM 
transmission system, the symbol sequences (A, B) comprise OFDM 
symbols, which have the same lengths as or different lengths from 
a conventional data symbol. 

3. The method of claim 1, characterized in that the symbol 
sequences (A, B) are transmitted at last in pairs in each case in 
alternation. 



4. The method of claim 1, characterized in that when there 
are more than two different symbol sequences, at least one symbol 
sequence as a pair is put together with a spacing from at least 
one further pair of another symbol sequence to form the 
synchronization train. 

5. The method of claim 3, characterized in that guard 
intervals in front of the individual pairs of symbol sequences 
(AA, BB, AA, . are provided. 

6. The method of claim 1, characterized in that for a 
block synchronization, the total metrics of the at least two 
different symbol sequences used as the synchronization train are 
used, and as the beginning of a block, whichever index minimizes 
the total metrics within the predetermined interval is selected. 

7. The method of claim 1, characterized in that the 
predetermined interval is determined by the frame structure of 
the data stream. 

8. The method of claim 1, characterized in that for 
estimating the center frequency error, the phase rotation of two 
adjacent identical signal segments at a time is ascertained. 

9. The method of claim 8, characterized in that the phase 
rotations of other identical signal portions are also 
ascertained, and the total center frequency error is estimated by 
averaging via the phase rotations thus obtained. 

10. The method of claim 1, characterized in that the 
symbol sequences are utilized for channel estimation for a 
coherent demodulation, in that the symbol sequence after a 



frequency correction has been performed is subjected in the 
receiver to an FFT transformation (Fast Fourier Transformation) , 
and the amplitudes and phase weights of the individual 
subcarriers are determined. 

11. The method of claim 10, characterized in that the 
channel parameters are estimated by averaging via the various 
symbol sequences (A, B) . 

12. The method of claim 1, characterized in that the 
synchronization train is preceded by a preamble (P) , which is 
used in particular to adjust the amplitude control (GC) of the 
receiver (E) . 

13. A transmitter (S) for preparing a synchronization 
train for at least one receiver (E) within a transmission system, 
using a data stream with guard intervals, in particular for 
compensating for multi-path propagation, having the following 
characteristics : 

- a coding or modulating device (CM) , 

- an insertion device (EB) for a synchronization train, 
which is formed of at least two different symbol sequences (A, 
B) , the insertion device (EB) being embodied such that an 
alternating, periodic insertion of the synchronization train into 
the data stream prepared by the coding and modulating device (CM) 
can be performed; 

- a memory device (SP) , operatively connected to the 
insertion device (EB) , for the various symbol sequences and for 
their linkage. 



14. A receiver (E) for receiving and evaluating a 
synchronization train which can be transmitted by a transmitter 
(S) within a transmission system, using a data stream with guard 
intervals, in particular to compensate for mult i -path 
5 propagation, having the following characteristics: 

- a sampling memory (AS) for a received data stream; 

- a synchronization evaluation device (SY) , which is 

10 operatively connected to the sampling memory (AS) and is suitable 
for evaluating a synchronization train, comprising at least two 
different symbol sequences (A, B) that can be transmitted 

■H periodically in alternation, with respect to the chronological 
position and/or center frequency error within a predetermined 

\M interval, and for controlling corresponding reception units for 

^ block synchronization (BS) , frequency synchronization (FS) , 

O and/or channel estimation (KS) . 

H 15. A communications system using the method of claim 1 or 

W an arrangement of claim 13, which is embodied as a radio 
S communications system, a line-connected communications system, or 
W a hybrid communications system, that is, as a communications 

system with radio components, optical waveguide components and/or 
line- connected components, and in which one transmitter and one 
25 receiver are assigned to subscribers, with variable transmission 
and reception modes. 

16. A broadcasting communications system using the method 
of claim 1 or an arrangement of claim 13, which is embodied as a 
30 radio communications system, a line-connected communications 
system, or a hybrid communications system, that is, as a 
communications system with radio components, optical waveguide 



components and/or line-connected components, and in which the 
association of the transmission and reception mode is fixedly 
specified. 
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METHOD FOR SYNCHRONIZATION 



Prior Art 

The invention is based on a method for synchronizing 
one or more receivers to a transmitter within a transmission 
system, using a data stream with guard intervals, in 
particular for compensating for multi-path propagation, and 
on a transmitter for preparing a synchronization train and a 
receiver for evaluating this synchronization train, and on a 
communications system. 

It is assumed for instance that one transmitter serves 
one or more receivers . The transmitter sends one or more 
packets to the receivers at the same instant. 

In a transmission system, which in particular uses OFDM 
(Orthogonal Frequency Division Multiplexing) , the problem of 
synchronization arises. In OFDM transmission, the 
transmission symbols are modulated over a plurality of 
subcarriers in the frequency range by a generally digital 
type of modulation [1] . The subcarriers are then transformed 
into the time range together by an IFFT (Inverse Fast Fourier 
Transformation) and then transmitted. 

In the receiver, it is necessary to reconstruct some 

information by way of the signal transmitted, especially to 

reconstruct the beginning of the block and the center 
frequency error. 

To ascertain the beginning of the block, the 
chronological position of the signal to be received must be 
known. For this purpose, a two- stage method is usually used, 



according to which first a coarse and then a fine detection 
of the beginning of the block are performed in succession. 

In the normal situation, the receiver has a center 
frequency error compared to the sensor. In the case of OFDM, 
5 this error is especially critical, because it can cause a 
disruption of orthogonality, which leads to increased bit 
errors. The frequency synchronization serves to correct 
this frequency difference. 

In a communications system with transmission of 
10 relatively short data packets, to achieve a synchronization, 
two identical synchronization symbols, especially OFDM 
symbols, are made to precede a transmission burst in 
J accordance with [2] , [3] and [4] , and these are transmitted 
yQ twice with a predetermined spacing. The position of these 
iff signals can be determined by evaluation of the metrics. 

2 To avoid intersymbol interferences (ISI) , a guard 
; 7 interval is often inserted into the transmitter in 

0 conjunction with the OFDM transmission technique, the length 
2J of which guard interval is adapted to the duration of the 
M) channel pulse response. In order for there not to be any 
actual disruption in the receiver from chronologically 
adjacent symbols, the instant of synchronization, that is, 
the onset of the ISI-free signal portion, is ascertained 
before the data evaluation in the receiver. The 
25 ascertainment of this instant is called block or symbol 
synchronization. When the pulse response of the present 
channel is shorter than the guard interval, the block 
synchronization need not ascertain the beginning of the ON 
state precisely; instead, the result is an allowable 

3 0 synchroni zat ion interval . 
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Advantages of the Invention 



With the provisions according to claim 1, the precision 
of synchronization can be improved considerably over known 
methods. While the known methods can actually be used only 
5 for coarse block synchronization, the method according to the 
invention offers quite precise results both in terms of fine 
block estimation and frequency estimation. The embodiment 
according to the invention is advantageously suitable as a 
transmission method for OFDM. If a coherent demodulation is 
10 provided, then the synchronization train can be used for 

block synchronization, and estimating the center frequency 
error can also be used to estimate the channel pulse 
response . 

Jj The effort and expense for implementing the method of 

if5 the invention is hardly higher than in known methods but 
m provides increased accuracy of the estimate, especially of 
the center frequency error. 

O The method according to the invention, and a 

S corresponding transmitter and receiver, are advantageously 
io suitable for use in radio systems, specifically in normal 
Jr: bidirectional communications systems with variable 

distribution of the roles of transmitter and receiver and in 
broadcasting systems, in which the roles of transmitter and 
receiver are static over time. 

25 As a transmission medium, not only radio but also a 

line connected transmission can be provided, for instance via 
coaxial cable or a shielded or unshielded pair of conductors 
in a line network. In hybrid communications systems as well, 
that is, systems with radio components, line-connected 

30 components, and/or light source conductor components, the 
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invention can advantageously be used. 

OFDM is especially suitable as the type of modulation. 
But even in systems without OFDM, where transmission methods 
are used in which a guard interval is provided to compensate 
5 for mult i -path propagation, the invention can advantageously 
be employed. 

Drawings 

In conjunction with the drawings, exemplary embodiments 
will be explained in further detail. Shown are: 

10 Fig. 1, a radio network with one transmitter and a 

4? plurality of receivers; 

W Fig. 2, the makeup of a synchronization train according 

fn to the prior art; 

w Fig. 3, the makeup of a synchronization train according 

IS to the invention; 

Fig. 4, the makeup of a synchronization train with a 
C preamble; 

Fig. 5, a block circuit diagram of a transmitter 
according to the invention; 

2 0 Fig. 6, a block circuit diagram of a receiver according 

to the invention. 

Description of Exemplary Embodiments 

Before the actual embodiment according to the invention 
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will be addressed, for the sake of better comprehension 
synchronization according to the prior art will be explained. 
For the following observations, it will be assumed that in 
Fig. 1 a transmitter S of a subscriber serves a plurality of 
5 receivers El, E2, E3 of other subscribers. 

The transmitter S of a subscriber sends one or more 
data packets to the receivers El, E2, E3 at one instant; the 
duration of the packets can be either constant or variable. 
The situation can generally also change in such a way that 
10 one of the subscribers later switches over dynamically from 
the reception mode to the transmission mode, and a 
transmitting subscriber and/or the other receiving 
subscribers then operate in the reception mode. 

yB It is also assumed that OFDM is used as the 

l!j transmission method; see [1], [3], [4]. To that end, the 

01 transmission symbols over a plurality of subcarriers are 

2 modulated in the frequency range by a generally digital type 
r of modulation. The subcarriers are then transformed into the 
H time range together by an IFFT (Inverse Fast Fourier 

2M| Transformation) and then transmitted. 

^ Since in a communications system only short data 

packets are transmitted, fast synchronization is urgently 
needed. This can be achieved only with the aid of a special 
synchronization symbol, which is made to precede the data 

25 packet in the transmitter. 

One known method of block synchronization, found in 
sources [2] and [3] , is to evaluate a signal A = {r ± } of 
length N, which is transmitted twice at the spacing P; see 
Fig. 2. The position of this signal can be determined by 

3 0 evaluation of the metrics: 
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M 1 



= £(i 5 N : P)-2lvw(i ; 7v : P)i 

The criterion for the beginning of the block is 
indicated by the index i, at which the metrics have their 
minimal phase: 

i Szm=z = arc min Z{hN,P) 



The block synchronization in the OFDM system should, on 
the basis of the periodic preamble, indicate the 
interference-free range of the subsequent data blocks. To 
that end, the correlation window is shortened relative to the 
sequence length by the length of the guard interval. 

This method described above is actually used for coarse 
block synchronization. In principle, it therefore offers 
only quite imprecise results, in terms of both fine block 
estimation and frequency estimation. 

The transmitter S of Fig. 1 inserts a special 
synchronization train, especially at the beginning of 
transmission, into the data stream; in the receiver, this 
sequence serves to estimate the chronological position of the 
signal to be received, and/or to estimate the center 
frequency error between the transmitter and the receiver. 
The synchronization train is formed according to the 
invention as follows: 

- two different symbol sequences A and B of the same 



length L x with ideally favorable autocorrelation properties 
are selected. In the case of OFDM, these can be OFDM 
symbols, which have the same length as or a different length 
from a normal data symbol; 

- the two symbol sequences A and B are always 
transmitted in such a way that in alternation, A is 
transmitted twice and B is transmitted twice, as in Fig. 3. 
The indexes for the symbol sequences A and B indicate the 
occurrence of the trains A and B. 

The chronological position of the signal to be received 
between the transmitter S and receiver E is ascertained from 
a composite term, in particular the total metrics, of the 
various symbol sequences, in this case the pairs of symbol 
sequences, within a predetermined interval. 

Then in the receiver the total metrics A s , from the sum 
of individual metrics X over all the identical sequence pairs 
(A If AJ and (B x , B m ) , where 1 < 1, m < M and m >, become the 
following: 

^(0= E a(i -r S (A, , A m ),!>, A( A, , A m )) - ' £Ai^^5 /: 5 fl! ^ ;! ^^,;; 



In this equation, S (X,Y) designates the relative 
starting index for the signal interval X, and A (X,Y) 
designates the spacing between the two pairs of signals X,Y. 

Whichever index i start that minimizes the metrics X s 
within an interval I RS predetermined by the frame 
synchronization is selected as the beginning of the block: 



In the frequency estimation, the problem arises that 
the phase rotation between two identical symbols {A lt AJ and 
(B-L, B m ) can exceed 360° , so that the resultant multivalence 
must first be solved. As the reference frequency fref for 
this, the estimated frequency position f G from the phase 
rotation $ 01 

of two adjacent periodic segments each 
must be used, since here the capture range, where |fj < f a / 
(n Lj is greatest: 



where 

IW.3.5.... j 

To achieve the most secure possible frequency 
estimation, once again the phase rotations for all the other 
pairs of intervals (A 1; Aj and (B x , Bj must be taken into 
account. Let M A5 c M A and M b5 c M B be the set of all the pairs 
(A x , A,,) and (B x , B m ) with the same spacing A(A X , A,,) and A(B X , 
B m ) , and let 5 max be the number of different sets M A/B51// then 
the overall result for the estimated value of the center 
frequency error f 0 is: 



2x5 (A., A m ePl AJ ) 



where 



The coefficients c 5 are weighting factors, with which 
the different noise levels, which are superimposed on the 
estimated phase values, are taken into account. They result 
on the one hand from the number of sequence pairs that are 
taken into account and on the other from the spacing (X,Y) of 
the frequency pairs. The function [paste in, page 9, line 4] 
solves the multivalence of the phase [ditto, line 5] on the 
basis of the estimated phase value [ditto, line 6] 
ascertained beforehand. 

According to the invention, the symbols indicated can 
also be used for channel estimation, if they are known in the 
transmitter and the receiver. To that end, the 
synchronization symbols, once the frequency correction has 
been done, are FFT-processed in the receiver, and the 
amplitude weights and phase weights of the individual 
subcarriers are determined. If the synchronizing signals (A 
and B) are shorter than a normal OFDM symbol, then the phase 
weights and amplitude weights of the subcarriers not 
transmitted must be ascertained by interpolation. The fact 
that a plurality of known synchronizing symbols are used can 
be exploited for the sake of averaging the channel parameters 
over the known symbols, so as to increase the accuracy of the 
chann el estimation. 

It should now be assumed that the transmitter places a 
preamble in accordance with Fig. 4 before each 
synchronization train. The synchronization train according 
to the invention is preceded by a preamble that serves to set 
the gain control of the receiver correctly, in order to fully 
modulate the analog- to-digital converter. The ensuing 



synchronization symbol comprises the sequence AABBAA. 



The metrics for the block synchronization in this case 
are calculated as follows: 

X. (i) = Ml 1 V L^ + MIL, AL, ) + I, .51, ) + Mi + L r L3L l ) 
+ Mi + L p I, ,41,) - A(i + 4L M I, , L ) + + 2L P L, , L t ) 

The individual metrics correspond to the pairs (A 2/ 
A 2 ), (A lt A3) , (A 1# A 4 ), (A 2/ A 3 ), (A 2/ A 4 ) , (A 3/ A 4 ) , (B^ B 2 ) . 
The starting value for the block is: 

i stari = are min ( . /L- (f) 



For the frequency synchronization, the center frequency 
error f 0 is calculated as follows: 



= arg[vK^ : I, ,41, ) -r -f L..L ,41. )} 



1 



f 
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One possible realization of the transmitter is shown m 
Fig. 5. An OFDM transmitter, that is, its coding and 
modulating device CM, is supplied with a bit train. The 
usual processing by IFFT (Inverse Fast Fourier 
Transformation) , parallel-serial conversion P/S, and the 
insertion of the guard interval SI follows by periodic 
continuation (see source [1]). .Next, at the beginning of 
each transmission, the synchronization train is read out of a 
memory SP and inserted, together with the preamble of Fig. 4, 



by means of the insertion device EB. The signal is converted 
from digital to analog (D/A) and transferred to the 
transmission front end SF, where it is optionally highly 
mixed into a different frequency position and is transmitted 
via an antenna. In the version of Fig. 5, the insertion of 
the synchronization train is done in accordance with the 
IFFT, so that in the memory SP, the time signal of the 
synchronization train must be present. Under certain 
conditions, however, it is equally possible to insert the 
synchronization train before the IFFT and have it processed 
by the IFFT. 

One possible version of the receiver is shown in Fig. 
6. In the receiver, the signal, mixed into the base band and 
converted from analog to digital, reaches a sampling memory 
AS. The synchronizing device SY can access this sampling 
memory AS in order to perform the block synchronization, 
frequency synchronization, and channel estimation. Once the 
block synchronization has been successfully performed, a 
window- forming unit BS is addressed, which reads the correct 
values out of the sampling buffer memory. Next, a frequency 
correction is performed in the mixing device FS with the 
center frequency error ascertained. After the serial - 
parallel conversion S/P and the FFT processing, the channel 
parameters ascertained from the channel estimation are used 
for demodulation and decoding DM. 

Next, alternatives for realizing the method of the 
invention will be presented: 

- in the method for calculating the total metrics, it 
is also possible not to take all the possible pairs into 
account. In the exemplary embodiment, the calculation 
prescription for the block synchronization would for instance 
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change as follows: 

Z : ii') = A.Ci,L r L)-r ;.£/, L. ,AL ) -r ;.(: - L , I, ,41, )+ACi + 41, , L r! I, ) A: f ^ 2L ; : 1, , 1 ; 

The individual metrics would in this case correspond to 
the pairs (A lf A 2 ) , (A i; A 3 ) , (A 2 , A 4 ) , (A 3 , A 4 ) , (B lf B 2 ) . 

5 It is equally possible in the method for calculating 

the center frequency error to use only some of the possible 
angle errors in calculating the equation for <t> 06 . 

- Under some circumstances, it is favorable to insert 
guard intervals before the individual frequency pairs . If S 
ll is a guard interval of arbitrary length (in general, the 
J periodic continuation of a symbol) , the result is thus for 
*W example the train SAASBBSAA. The calculation prescriptions 
m described above logically apply, and the guard intervals are 
0 not evaluated. 

3g - By the method described above, the signal trains A 

W and B are each transmitted in pairs a plurality of times in 
2 succession. The method for block and frequency 
0 synchronization can be analogously used if the signal trains 
Iy occur individually one after the other, such as the train 
20 ABAB. It is equally possible for the trains A and B not be 

inserted in pairs but each more than twice. One example of a 
train for a triple occurrence each time would be AAABBBAAA. 
The calculation prescriptions given above logically apply. 

It is furthermore possible to use more than two 
25 different signal trains, such as three different signal 

trains A, B and C. The rule in this case would be that at 
least one signal train is put together as a pair, with a 
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spacing of more than one further pair of other signal trains, 
to make a synchronizing symbol. 

It is also possible to transmit the various signal 
trains not directly in succession but rather with a certain 
spacing from one another. 

The method presented is based on the fact that the 
various signal trains each have the same length. It is also 
possible to use different signal trains A and B that have 
different lengths. The calculation prescriptions logically 
apply and must be adapted in detail for this purpose. 
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Claims 



1. A method for synchronizing one or more receivers to 
a transmitter within a transmission system, using a data 
stream with guard intervals, in particular for compensating 
for multi-path propagation, having the following provisions: 

- the transmitter (S) inserts a special synchronization 
train into the data stream, especially at the beginning of 
the transmission, which train is capable of estimating the 
chronological position of the signal to be received and/or 
estimating the center frequency error between the transmitter 
(S) and the receiver (E) ; 

- the synchronization train is formed of at least two 
different symbol sequences (A, B) , which are transmitted in 
alternation periodically; 

- the chronological position of the signal to be 
received, and/or the center frequency error between the 
transmitter (S) and the receiver (E) , is ascertained from a 
composite term of the various symbol sequences (A, B) within 
a predetermined interval. 

2. The method of claim 1, characterized in that in an 
OFDM transmission system, the symbol sequences (A, B) 
comprise OFDM symbols, which have the same lengths as or 
different lengths from a conventional data symbol. 

3. The method of claim 1 or 2, characterized in that 
the symbol sequences (A, B) are transmitted at last in pairs 
in each case in alternation. 
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4. The method of claim 1 or 2, characterized in that 
when there are more than two different symbol sequences, at 
least one symbol sequence as a pair is put together with a 
spacing from at least one further pair of another symbol 
sequence to form the synchronization train. 

5. The method of claim 3 or 4, characterized in that 
guard intervals in front of the individual pairs of symbol 
sequences (AA, BB, AA, ...) are provided. 

6. The method of one of claims 1-5, characterized in 
that for a block synchronization, the total metrics of the at 
least two different symbol sequences used as the 
synchronization train are used, and as the beginning of a 
block, whichever index minimizes the total metrics within the 
predetermined interval is selected. 

7. The method of one of claims 1-6, characterized in 
that the predetermined interval is determined by the frame 
structure of the data stream. 

8. The method of one of claims 1-7, characterized in 
that for estimating the center frequency error, the phase 
rotation of two adjacent identical signal segments at a time 
is ascertained. 

9. The method of claim 8, characterized in that the 
phase rotations of other identical signal portions are also 
ascertained, and the total center frequency error is 
estimated by averaging via the phase rotations thus obtained. 

10. The method of one of claims 1-9, characterized in 
that the symbol sequences are utilized for channel estimation 
for a coherent demodulation, in that the symbol sequence 
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after a frequency correction has been performed is subjected 
in the receiver to an FFT transformation (Fast Fourier 
Transformation) , and the amplitudes and phase weights of the 
individual subcarriers are determined. 

11. The method of claim 10, characterized in that the 
channel parameters are estimated by averaging via the various 
symbol sequences (A, B) . 

12. The method of one of claims 1-11, characterized in 
that the synchronization train is preceded by a preamble (P) , 
which is used in particular to adjust the amplitude control 
(GC) of the receiver (E) . 

13. A transmitter (S) for preparing a synchronization 
train for at least one receiver (E) within a transmission 
system, using a data stream with guard intervals, in 
particular for compensating for multi-path propagation, 
having the following characteristics: 

- a coding or modulating device (CM) , 

- an insertion device (EB) for a synchronization train, 
which is formed of at least two different symbol sequences 
(A, B) , the insertion device (EB) being embodied such that an 
alternating, periodic insertion of the synchronization train 
into the data stream prepared by the coding and modulating 
device (CM) can be performed; 

- a memory device (SP) , operatively connected to the 
insertion device (EB) , for the various symbol sequences and 
for their linkage. 

14. A receiver (E) for receiving and evaluating a 
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synchronization train which can be transmitted by a 
transmitter (S) within a transmission system, using a data 
stream with guard intervals, in particular to compensate for 
5 multi-path propagation, having the following characteristics: 

- a sampling memory (AS) for a received data stream; 

- a synchronization evaluation device (SY) , which is 
operatively connected to the sampling memory (AS) and is 
suitable for evaluating a synchronization train, comprising 

10 at least two different symbol sequences (A, B) that can be 

transmitted periodically in alternation, with respect to the 
chronological position and/or center frequency error within a 
predetermined interval, and for controlling corresponding 
Q reception units for block synchronization (BS) , frequency 
fli synchronization (FS) , and/or channel estimation (KS) . 

2J 15. A communications system using the method of one of 

n claim 1-12 or an arrangement of claim 13 or 14, which is 

00 embodied as a radio communications system, a line-connected 

*U communications system, or a hybrid communications system, 

LS that is, as a communications system with radio components, 

is*? optical waveguide components and/or line-connected 

O components, and in which one transmitter and one receiver are 

HJ assigned to subscribers, with variable transmission and 
reception modes. 

16. A broadcasting communications system using the 
method of one of claim 1-12 or an arrangement of claim 13 or 
14, which is embodied as a radio communications system, a 
line-connected communications system, or a hybrid 
5 communications system, that is, as a communications system 
with radio components, optical waveguide components and/or 
line-connected components, and in which the association of 
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the transmission and reception mode is fixedly specified. 
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